The partal pressure of CO2 inside leaves of several species was measured directly. Small gas exchange chambers were clamped above and below the same section of an amphistomatous leaf. A flowing gas stream through one chamber aflowed normal CO2 and water vapor exchange. The other chamber was in a closed circuit consisting of the chamber, an infrared gas analyzer, and a peristaltic pump. The CO2 in the closed system rapil reached a steady pressure which it is believed was identical to the CO2 pressure inside the leaf, because there was no flux of CO2 across the epidermis. This measured partial pressure was In close agreement with that estimated from a consideration of the fluxes of CO2 and vapor at the other surface.
The partial pressure of CO2 inside leaves, cj,2 is affected by and affects both rate of CO2 assimilation and stomatal conductance. An analysis of the physics of gas exchange by Penman and Schofield (11) first indicated how ci could be estimated, by assum- ing that the stomatal conductance found from measurements of transpiration rate under a known vapor pressure difference also defined the relationship between rate of assimilation and the difference in partial pressure of CO2 across the leaf epidermis, when that conductance is corrected for the differing diffusion coefficients for CO2 and water vapor in air. Gaastra (5) used the concept of ci in several of his equations, and, in 1963, Moss and Rawlins (10) published the first estimates of ci calculated from the gas exchange ofsingle leaves. Since then, the method ofestimating ci has become standard practice in gas exchange studies, although it has not been experimentally verified. The experiments we report here show that it is essentially correct. After these experiments were begun, it came to our attention that Laisk (7) has done similar experiments in attempting to answer a different question. His measurements agree with those reported here.
Throughout this paper we will refer to the partial pressure of CO2 inside the leaf, as determined by a consideration of gas exchange measurements as the estimated ci to distinguish that value from the ci measured directly. Gossypium hirsutum L. var. Deltapine was grown in 10-L plastic pots in sand in a glasshouse. The CO2 pressure in the glasshouse was kept at 1800 ,ubar, because the plants were also being used in another project.
MATERIALS
Direct Measurement of ci. A double-chamber gas exchange unit enclosing 3.5 cm2 of leaf was used. The chambers were of aluminum and had water channels in both the top and bottom halves so that the leaftemperature could be controlled. One chamber was connected in a closed loop with a peristaltic pump and an IR gas analyzer (Binos, Leybold-Heraeus, GmbH, Koln, Federal Republic of Germany). Care was taken to ensure that the closed system was airtight to avoid air being pushed through the leaf. A small manometer was tsed to check that the pressure in the closed system was the sa4ne as the pressure in the chamber in which gas exchange was proceeding. It was necessary to calibrate the Binos at least once per day to achieve the required resolution.
Gas Exchange.,'Air of known water vapor and CO2 content was passed through the open chamber at a rate of 0.8 L min-'. The water vapor content of the air before and after the leaf was measured with a capacitive-type humidity sensor (Vaisala, Finland). The CO2 depletion caused by the leaf was measured with an IRGA (Beckman 865) with optical filters to eliminate sensitivity to water vapor. The absolute CO2 concentration was measured with a third IRGA (Beckman 315). Leaf temperature was measured with a fine copper-constantan thermocouple (No. SCPSS-020E-6, Omega; Stamford, CT) pressed against the lower surface of the leaf. Light was provided by a 2.5 kw water-cooled, xenonarc lamp (XBO 2500, Osram).
Calculation of Gas Exchange Parameters. The equations used to calculate assimilation rate, stomatal conductance, and ci were those given by von Caemmerer and Farquhar (15). These equations differ from those used in the past in that dilution of CO2 in the gas stream flowing out of the chamber due to transpiration is taken into account, and the diffusion of the gases in the stomatal pores is treated as a ternary system consisting of air, C02, and H20, as recommended by Jarman (6). These differences are small (1-3%) and sometimes offsetting.
The level of CO2 is expressed as partial pressure, (14) . In other species, depending to some extent on growth conditions, the correlation between assimilation rate and conductance is such that ci is more nearly constant as irradiance changes above levels corresponding roughly to 10% of full sunlight (13, 16) . The results presented show that the estimation of q is generally quite accurate. Only under extreme conditions, when either of the fluxes of CO2 or water vapor is low or the vpd is small, does the technique become less reliable. A slower flow rate or larger leaf area would allow accurate estimates of ci even in leaves with less rapid gas exchange than that reported here. Previously, there had been only indirect confirmation of the measurement of ci. Dubbe et al. (2) found that the relationship between assimilation rate and ci was the same in detached leaves whether or not stomata had been caused to close by adding ABA to the transpiration stream. As ABA does not affect the photosynthetic apparatus (8, 12) , assimilation rate serves as a bioassay for ci. Therefore, the results implied that the estimation of ci was accurate.
Laisk (7) describes a similar experiment in which he adjusts the level of CO2 in an open gas stream flowing over one surface of the leaf such that no CO2 exchange occurred, while on the other side of the leaf normal gas exchange took place. Laisk used data from these experiments to calculate that the ratio of binary diffusivities of water vapor and CO2 in air was 1.62. This experiment is essentially the same as that reported here.
In calculating ci, it is assumed that the diffusion pathway for CO2 is identical to the diffusion pathway for water vapor. Therefore, the estimated ci will be the average partial pressure of CO2 at the sites of evaporation. Most of the evaporation probably takes place from cells in close proximity to the stomata (1, 9, 14) ; in our experiment, these were the stomata on the side of the leaf opposite to that where ci was measured. Presumably, there was a drop in the CO2 pressure between the sites of evaporation and the side of the leaf in equilibrium with the closed gas system. Farquhar and von Caemmerer (3) have estimated that the reduction in CO2 pressure across the mesophyll tissue in a hypostomatous leaf (analogous to an amphistomatous leaf with gas exchange on one surface only) is APr1i2, where A is the assimilation rate, P is the atmospheric pressure, and ri is the resistance to CO2 diffusion across the mesophyll of the leaf. With an assimilation rate of 20 ,umol m-2 s-1 and an intercellular resistance of 3.2 m2 s mol-I (4), the difference in CO2 pressure across a X strumarium leaf is estimated to be 30,ubar. We believe the reason that the measured ci is, on average, only 5 to 10,bar below the calculated ci rather than 30,ubar below is that the intercellular resistance is not as high as that estimated by Farquhar and Raschke (4) . From the results presented, we estimate that the intercellular resistance is approximately 1 m2 s mol-1 in X strumarium.
Our technique for measuring ci directly can be used to determine responses of CO2 assimilation rate to ci without concurrent water vapor measurements, but only for amphistomatous leaves. Stomatal conductance also can be inferred from these measurements. However, assimilation rate and ci is somewhat reduced as a result of stopping gas exchange across one surface of the leaf.
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